Effect of cabinet-drying, vacuum-drying, and freeze-drying methods on the surface hydrophobicity, secondary structure, emulsifying, and foaming properties of protein concentrates prepared from different cultivars of cowpea and Bambara bean was investigated. The vacuum-drying method reduced hydrophobicity, while freeze-dried concentrates presented high hydrophobicity. The concentrates prepared by freeze drying presented more β-sheet (40-43%) and less β-turn (19-24%) structures. Bambara bean protein concentrates prepared by freeze-drying presented higher emulsifying activity (56-59%) compared to those by vacuum-drying and cabinet-drying, while emulsifying activity varied significantly among cultivars of cowpea (46-61%). Protein concentrates prepared by cabinet-drying showed the highest foaming ability.
INTRODUCTION
Legumes are good sources of low-cost proteins and low glycemic carbohydrates, which are consumed by low-income populations in developing countries. Legumes have many beneficial physiological effects in controlling and preventing various metabolic diseases, such as diabetes mellitus, coronary heart disease, and colon cancer. [1] Tropical legumes, such as cowpea and Bambara bean, are a good source of cheap, accessible, and safe proteins. However, it is essential that protein as an ingredients must exhibit good functional properties in addition to nutritional value.
Functional properties of proteins affect consumer acceptance. Formation and stabilization of emulsions and foams is critical in many applications, such as chopped and comminuted meats, cake batters, coffee whiteners, milk, mayonnaise, salad dressings, bakery products, and frozen desserts.- [2] Surface hydrophobicity (HO), ligand binding, molecular flexibility, and structure stability of proteins affect the emulsifying and foaming properties. [3] Physicochemical and conformational 4.5 using a 1.0 M HCl solution with constant stirring, the precipitated proteins were recovered by centrifugation at 8000 × g for 20 min (4°C). The proteins were re-suspended in distilled water maintaining about 5% (w/v) total solid, and the pH was adjusted to 7.0 with constant stirring. The protein suspensions were then dried.
FD
Protein solutions were poured into aluminium plates of 10 cm of diameter to about 5 mm depth, then frozen for 2 h at -30°C. Frozen samples were then freeze-dried at -50°C for 48 h using a Heto freeze-dryer at a pressure of about 15 kPa (Heto Power Dry, Allerod, Denmark). The freeze-dried samples were ground using a mortar and pestle, passed through a 150 µm mesh sieve and then kept at -20°C (the room temperature was~25°C).
VD
VD was performed at 50°C and 3.33 kPa for 24 h, using aluminium plates of 10 cm of diameter (Narang Scientific Works, New Delhi, India) for about 5 mm depth protein solution. The vacuumdried samples were collected, then ground, sieved, and stored at -20°C.
CD
CD was performed at 50°C for 24 h, at constant air flow (1.5 m/s), using aluminium plates (Narang Scientific Works, New Delhi, India) and about 5 mm depth protein solution. The cabinetdried samples were collected, then ground, sieved, and stored at -20°C.
HO
Surface HO was determined by the bromophenol blue (BPB) fixation method as described by Chelh et al. [11] BPB has been shown to bind to the same hydrophobic sites on proteins as fluorescent probes, [12] and the absorption difference spectroscopy of BPB provides a valuable supplement to ANS for determining in solution surface HO. [11] HO of protein concentrates was determined using BPB sodium salt for electrophoresis (Sigma, St. Louis, MO, USA). To 1 mL of protein concentrate suspension (5 mg/mL, protein solution in 20 mM phosphate buffer pH 7), 200 µL of BPB solution (1 mg/mL BPB in distilled water) was added and mixed well. A control, without protein concentrate, consisted of the addition of 200 µL BPB solution to 1 mL of 20 mM phosphate buffer at pH 7. Test and control samples were kept under agitation, at room temperature, during 10 min and then centrifuged for 15 min at 2000 × g. The absorbance of the supernatant (diluted 1:10) was measured at 595 nm against a blank of phosphate buffer using a Shimadzu UV-2450 (Kyoto, Japan) spectrophotometer. The amount of BPB bound is given by the formula:
With A = absorbance at 595 nm. All tests and analyses were carried out in triplicate.
Secondary Structure Characterization
The secondary structures of protein concentrates were characterized using Fourier Transform Infrared (FTIR) spectra. The dried protein samples were placed between two pieces of aluminium foil and pressed into a pellet. FTIR spectra were obtained in the wavenumber range of 400 to 4000 cm -1 during 32 scans with 4 cm -1 resolution using a FTIR spectrometer (Perkin Elmer, Massachusetts, USA [13] Functional Properties
Emulsifying properties
Emulsifying activity (EA) and stability were determined using the method of Neto et al. [14] Five milliliter portions of protein solution (1%, w/v) were homogenized with 5 mL soybean oil. The emulsions were centrifuged at 1100 × g for 5 min. The height of emulsified layer and that of the total contents in the tube was measured. The EA was calculated as:
EA ¼
Heigh of emulsified layer in the tube Â 100 Height of the total contents in the tube Emulsion stability (ES) was determined by heating the emulsion at 80°C for 30 min before centrifuging at 1100 × g for 5 min.
ES ¼
Height of emulsified layer after heating Â 100 Height of the emulsified layer before heating
Foaming properties
The foaming properties were determined in triplicate using the method described by Wu et al. [15] Concentrations of 1% protein were prepared in distilled water and adjusted to pH 7.0 with 1.0 N NaOH and 1.0 N HCl if necessary. Volumes of 100 mL (V 1 ) of cowpea and Bambara bean protein concentrate suspensions were blended for 5 min using a magnetic stirrer (Corning PC-420D, NY, USA) at the highest speed, poured into 250 mL graduated cylinders, and the volume of foam (V 2 ) were immediately recorded at 0, 30, and 60 min. Foaming was calculated using the following equation: Foaming = (V 2 -V 1 ) × 100/V 1 . Foaming capacity was determined at 0 min, and foam stability (FS) after 30 and 60 min.
Statistical Analysis
All experiments were carried out in triplicate. Mean values along with standard deviations were reported. The data were analyzed by the Duncan test. Correlation was estimated by the method of Pearson. The significance level was defined as p < 0.05. The computer softwares used in this study were SPSS (SPSS Inc., Chicago, USA) and STATISTICA (Statsoft Inc., Tulsa, USA).
RESULTS AND DISCUSSION

Surface HO
Surface HO is an important property that determined functionality of proteins. [2] Nakai and Li-Chan [16] demonstrated that surface HO showed good correlation with interfacial tension and the surfactant properties of proteins. Furthermore, high surface HO following processing indicated possible exposure of hydrophobic regions that were otherwise buried inside globular proteins due to denaturation. [17] It was observed that the drying methods had different effects on the surface HO of protein concentrates prepared from cowpea and Bambara bean cultivars ( Table 1 ). The HO of Bambara bean protein concentrates prepared by FD was significantly higher than those prepared by CD and VD (p < 0.05). Furthermore, protein concentrates prepared by CD exhibited higher HO than those prepared by VD. On the other hand, CD was found most effective to improve HO of Cw and Cb protein concentrates, while Cr and Cbr protein concentrates prepared by FD showed significantly higher HO than those prepared by CD and VD (p < 0.05). Zhao et al. [17] reported that drying caused denaturation of proteins and unfolding of their structure, then exposure of more hydrophobic groups previously buried inside the protein structure. Significant differences in HO were also observed among cultivars within the same species (p < 0.05). For protein concentrates prepared by CD, HO ranged from 28.17µg BPB (Cr) to 50.48 µg BPB (Cw) for cowpea cultivars, and 43.21 µg BPB (Bb) to 50.82 µg BPB (Bbr) for Bambara bean cultivars. Non-significant difference in HO was found between protein concentrates prepared from Cw and Bbr cultivars (p > 0.05). The highest HO for protein concentrates prepared by VD was observed for Cw (35.30 µg BPB) and Br (43.25 µg BPB) cultivars, and the lowest for Cb (21.58 µg BPB) and Bb (21.49 µg BPB) cultivars. Bambara bean protein concentrates prepared by FD exhibited significantly higher HO than those from cowpea (p < 0.05). In addition, the protein concentrates prepared from Bbr (71.92 µg BPB) and Cb (22.15 µg BPB) cultivars, had respectively the highest and the lowest HO.
FTIR Spectra Analysis
FTIR spectra adopts the vibrational spectroscopic technique and can be applied to liquid, semisolid, and solid state samples for the analysis of structural changes, particularly suitable for denatured or aggregated proteins. [18] The study of secondary structure is based on many bands given by a protein in infra-red spectroscopy. Of these bands, the amide I resulting from the C=O stretching vibration of the protein backbone is particularly sensitive to the folding patterns in the secondary structural level. [19] The hydrogen bonding between C=O and N-H groups of the peptide linkage determined the geometry of the polypeptide backbone which again determines the frequency of the infrared (IR) bands. Since a protein usually contains different secondary structural Means in column with different superscript letters and in rows with superscript numbers are significantly different (p < 0.05); CD: cabinet drying; VD: vacuum drying; FD: freeze-drying; *Description about cultivars is included in the "material and methods" section; BPB: bromophenol blue.
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elements such as α-helix, β-sheet, β-turn, and random coil, the amide I band is a composite band constituted of overlapping signals. [20] FTIR analysis was used in this study to assess the conformation of cowpea and Bambara bean protein concentrates prepared using the different drying methods. The original spectra of 
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protein concentrates showed two major bands, the amide I at 1633 cm -1 and the amide II band at 1550 cm -1 (Fig. 1a ), indicating the typical structure of protein. The amide I band was further resolved by Fourier self-deconvolution and second derivative (Fig. 1b ). The analysis clearly resolves bands which have been assigned on the basis of data available in literature.
The bands were easily assigned as follows: band at 1626 cm -1 is due to β-sheet, band at 1648 cm -1 is due to loop or helix, and band at 1676 cm -1 is due to β-turn. [13] According to the calculation of the individual component peak area, results on the secondary structure composition of protein concentrates are presented in Figs. 2 and 3, respectively for Bambara bean and cowpea. 
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Cowpea and Bambara bean protein concentrates prepared by the different drying methods contained 32-38% and 36-38% loop or helix (unordered structure), [21] 34-42% and 35-43% β-sheet, and 19-38% and 18-25% β-turn, respectively. The β-sheet secondary structure content was significantly higher than unordered and β-turn structure contents (p < 0.05), and no α-helix was found. These results were in agreement with those of Ellepola et al. [18] who reported that many seed globulins from monocotyledonous and dicotyledenous plants were found to possess low levels of α-helix and high levels of β-sheet secondary structure. The drying methods 
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MUNE MUNE AND SOGI significantly affected the β-sheet content of protein concentrates (p < 0.05). Cowpea and Bambara bean protein concentrates prepared by FD showed significantly (p < 0.05) higher β-sheet structure content compared to those prepared by CD and VD ( Figs. 2b and 3b ). In addition, the highest β-sheet structure content (43%) was observed for concentrates prepared from Bb and Cw cultivars and the lowest for Bb (39%) and Cbr (34%) protein concentrates using CD. It was also noticed that Bambara bean protein concentrates prepared by CD and VD showed similar β-sheet structure content, except for the Bb cultivar. On the other hand, nonsignificant difference was found in unordered structure content of Bambara bean protein concentrates prepared by CD and VD, as well as for cowpea protein concentrates prepared by VD ( Figs. 2a and 3a) . In addition, the highest unordered structure content was observed for concentrates prepared by FD particularly from Cbr (38.43%) and Br (39.12%) cultivars, while the lowest was noticed for the Cbr protein concentrate prepared by CD. The drying methods used in this study also significantly affected the β-turn structure content of protein concentrates. It is observed in Figs. 2c and 3c that protein concentrates prepared by FD showed significantly lower β-turn structure content than those prepared by CD and VD. And, CD and VD showed similar β-turn structure content for Bambara bean protein concentrates. It was also noticed that the Cbr protein concentrate prepared by CD showed the highest (34%) β-turn structure content.
To understand the secondary structure transition following drying, the Pearson correlation method was applied. It was found a negative correlation between β-sheet and β-turn structure content (r = -0.95; p < 0.00), and β-turn and unordered structure content (r = -0.89, p < 0.00). These observations revealed increase in the β-turn structure at the expense of β-sheet structure, and in unordered structure at the expense of β-turn. This remark suggested that the partial unfolding process was dominated in protein structural changes, since the turn structure was considered to be a product of protein unfolding of any higher order structures, whereas antiparallel β-sheet could be formed in aggregated protein molecules. [18] Moreover, Zhao et al. [17] observed that heat and pressure treatment induced denaturation and unfolding of protein structures and could release more hydrophobic groups. In this connection, the pressure treatment during FD probably promoted protein unfolding and exposure of previously buried hydrophobic groups, as indicated by the higher HO of the freeze-dried protein concentrates. In another hand, the combined heat and pressure treatment during VD probably induced protein unfolding then aggregation by the mean of hydrophobic interaction and disulfide bond formation, [17, 22] as noticed by the lower HO and higher β-turn of the VD protein concentrates. It is well known that the conformation stability, i.e., flexibility and their tertiary and/or quaternary conformations affected the protein behavior at the oil-water or air-water interfaces, then determining emulsifying and foaming properties of globular proteins. [23] Emulsifying Properties Effect of different drying methods on the emulsifying properties of cowpea and Bambara bean protein concentrates is presented in Table 2 . It was observed that CD, VD, and FD had significant influence on the EA of concentrates depending on species (p < 0.05). Then, the Bambara bean protein concentrates prepared by FD showed significantly higher EA than those prepared by CD and VD (p < 0.05). In addition, EA of Bambara bean concentrates prepared by VD was significantly lower than those prepared by CD (p < 0.05), excepted for the protein concentrate prepared from the Br cultivar. Similarly, cowpea protein concentrates prepared by VD exhibited the lowest EA, while concentrates prepared by CD showed the highest EA for Cw, Cr, and Cbr cultivars. Then, EA of the Cb protein concentrate prepared by FD was significantly higher than those prepared by CD and VD (p < 0.05). Generally, solubility, surface HO and molecular flexibility influenced the emulsifying behavior of globular proteins. Surface HO was probably EMULSIFYING AND FOAMING INVOLVING DRYING determinant for EA of cowpea and Bambara bean protein concentrates, since there was a positive correlation (r = 0.80; p < 0.00) between these two variables. Panyam and Kilara [24] and Mune Mune et al. [25] reported that increase in surface HO facilitated adsorption of proteins at the oilwater interface, then reduced the surface tension and increased emulsifying properties. In addition, the partial unfolding of protein molecules could increase their molecular flexibility, which facilitated their rearrangement at the oil-water interface to form an elastic layer around the fat droplets and then retarded coalescence. On the other hand, EA significantly differed among cultivars within the same species (p < 0.05). For the concentrates prepared by CD, EA ranged between 55.66% (Cw) to 61.46% (Cr), and 38.05% (Br) to 54.51% (Bbr), respectively, for cowpea and Bambara bean. Non-significant difference was found between EA of Bb and Bbr, and Cb and Cw protein concentrates (p > 0.05), while Cbr and Bw showed significantly higher EA than Cb and Br protein concentrates respectively (p < 0.05). The highest EA for the protein concentrates prepared by VD was observed for Cw (53.10%) and Br (46.96%), and the lowest for Cr (46.02%) and Bb (33.31%), respectively, for cowpea and Bambara bean. In addition, non-significant difference in EA was noticed for Cr and Cbr protein concentrates (p > 0.05), while Cb and Bw showed significantly higher EA than Cbr and Bbr respectively (p < 0.05). FD produced less pronounced difference in EA among cultivars of cowpea and Bambara bean. EA of protein concentrates prepared by FD ranged between 55.22% (Cbr) and 58.59% (Bbr), and followed the order: 57.08% (Cb) > 56.05% (Cr) > 55.75% (Cw) > 55.22% (Cbr); and 58.59% (Bbr) > 57.33% (Bb) > 56.75% (Bw) > 56.44% (Br). Inherent genetic differences among cultivars could explain differences in EA of protein concentrates. EA of cowpea and Bambara bean protein concentrates was in the same range than those of soy and sesame protein concentrates. [26] ES of protein concentrates prepared from different cultivars of cowpea and Bambara bean as affected by different drying methods is presented in Table 2 . It was observed that ES of concentrates prepared by FD was significantly higher than those prepared by CD and VD (p < 0.05), excepted for the Cb concentrate prepared by VD. Also, CD was generally found more effective to produce cowpea and Bambara bean protein concentrates with high ES than VD. Significant difference in ES was observed among cultivars within the same species (p < 0.05). ES of cowpea protein concentrates prepared by CD was relatively high, and ranged between 61.23% (Cr) and 95.16% (Cb). While, ES of Bambara bean protein concentrates was high for Bb (93.55%) and Bbr Means in column with different superscript letters and in rows with superscript numbers are significantly different (p < 0.05); CD: cabinet drying; VD: vacuum drying; FD: freeze-drying; *Description about cultivars is included in the "material and methods" section.
(88.19%) cultivars, and low for Bw (9.40%) and Br (13.95%) cultivars. ES of cowpea protein concentrates prepared by VD varied between 7.48% (Cbr) and 101.72% (Cb), and Bambara bean protein concentrates prepared by VD presented low potential to stabilize emulsions. Protein concentrates prepared by FD showed less pronounced difference in ES, which ranged between 98.43-101.52% and 90.23-99.22%, respectively, for cowpea and Bambara bean cultivars. High ES required molecular rearrangement of the adsorbed proteins at the oil-water interface to form a thick layer which prevents coalescence. It could be suggested that the partial unfolding of protein molecules induced by the drying process improved their flexibility which enhanced rearrangement of protein at the oil-water interface, then prevented coalescence. In this regard, a positive correlation (r = 0.85; p < 0.00) was noticed between ES and the β-turn structure content of protein concentrates prepared by VD. Furthermore, there was a negative correlation (r = -0.86; p < 0.00) between ES and the β-sheet structure content.
Foaming Properties
Foaming properties (FC and FS) of protein concentrates prepared from different cultivars of cowpea and Bambara bean as affected by CD, VD, and FD are presented in Table 3 . The drying methods had significant influence on FA of concentrates. It was observed that the cowpea protein concentrates prepared from Cw and Cb cultivars by CD showed significantly higher FC compared to those by VD and FD (p < 0.05), while the concentrates prepared from Cr and Cbr cultivars using FD showed higher FC. In addition, the cowpea protein concentrates prepared by VD presented significantly lower FC than those prepared by CD and FD (p < 0.05). On the other hand, the Bambara bean protein concentrates prepared by CD exhibited significantly higher FC than those prepared by VD and FD (p < 0.05), except for the Bbr cultivar. Furthermore, lower FC was observed for Bb and Br protein concentrates prepared by VD. Panyam and Kilara [24] reported that the molecular properties of proteins that are relevant for foaming include solubility to enable rapid diffusion at the interface, amphipathicity to enhance interfacial interactions, segmental flexibility to facilitate unfolding at the interface and molecular rearrangement to prevent close approach of bubbles. Drying probably increase foaming ability of protein concentrates by increasing protein solubility, since there was a positive correlation (r = 0.72; p < 0.05) [27] between solubility and FC of protein concentrates prepared by FD. In addition, Means in column with different superscript letters and in rows with superscript numbers are significantly different (p < 0.05); CD: cabinet drying; VD: vacuum drying; FD: freeze-drying; *Description about cultivars is included in the "material and methods" section.
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increasing the unordered structure content decreased FC (r = -0.74; p < 0.05) probably by affecting the segmental flexibility of proteins at the air-water interface. The drying methods affected FC of protein concentrates depending on cultivars within the same species. It could be pointed out that the Cb protein concentrate prepared by CD could find application in food products where high foaming is required since it presented the highest FC (303%). The maximum FC of Bambara bean protein concentrates prepared by CD was noticed for the Br cultivar (219%), and the minimum for the Bbr cultivar (117%). There was a nonsignificant difference in FC between Bb and Bw protein concentrates (p > 0.05). Protein concentrates prepared by VD could be divided in two categories depending on FC: those with high FC (Cw and Cb; Bw and Bbr) and those with low FC (Cr and Cbr; Bb and Br). The maximum FC was 216.44% (Cb) and the minimum 106.35% (Br). FC of the cowpea protein concentrates prepared by FD followed the order: 271.15% (Cb) > 264.17% (Cb) > 213.89% (Cw) > 175.56% (Cbr). Non-significant difference in FC was observed between Bw, Br, and Bbr protein concentrates, and this property was significantly higher for the Bb protein concentrate (162.88%). Inherent genetic differences among species and cultivars probably influenced FC of protein concentrates.
FS of protein concentrates after 30 min is presented in Table 2 . FS of cowpea protein concentrates prepared by the different drying methods followed the same trend as FA, excepted for the concentrate prepared from the Cb cultivar by CD. For food applications where high FS is required, The Cr protein concentrate could be useful (251.19%; FS), while the concentrate prepared from the Cbr cultivar by CD showed the lowest FS (98.53%). In addition, FD was found most effective to prepared cowpea protein concentrates with high FS than CD and VD. On the other hand, FS of Bambara bean protein concentrates prepared by the different drying methods varied significantly among cultivars (p < 0.05). It could be noticed that the Bb (186%) protein concentrate prepared by CD showed the highest FS, while the Bw concentrate prepared by VD (106%) exhibited the lowest FS. After 60 min of stay at the room temperature, relatively low or no change in the FS was recorded. The Cr protein concentrate prepared by FD and the Bb concentrate prepared by CD presented the highest FS, while the Cbr protein concentrate prepared by CD and the Bw concentrate prepared by VD had the lowest FS. Zayas [28] reported that a high FS required a thick, elastic, cohesive, continuous, air-impermeable film around each gas bubble. Results from this study suggested that the partial unfolding of protein following drying was important for their molecular rearrangement at the air-water interface and enhance FS, since there was a positive correlation between FS and the β-turn structure content (r = 0.81: p < 0.00) and a negative correlation between FS and the β-sheet structure content (r = -0.86; p < 0.00) for concentrates prepared by VD.
CONCLUSION
In this study, protein concentrates were prepared from four cultivars of cowpea and Bambara bean using cabinet, vacuum, and freeze dryers. It was found that drying had significant influence on emulsifying and foaming properties of the concentrates, as well as on the surface HO and conformation of proteins depending on species and cultivars. The Bambara bean protein concentrates prepared by FD had higher surface HO than those by CD and FD, while cowpea protein concentrate prepared by CD showed the highest surface HO. In addition, the protein concentrates prepared by FD showed more β-sheet and less β-turn structures than those by CD and VD. The Bambara bean protein concentrates prepared by FD showed higher EA than those by CD and FD, while cowpea protein concentrate prepared by CD showed the highest EA. Protein concentrates prepared by CD showed the highest FA, and FD is useful to prepare cowpea and Bambara bean protein concentrates for food applications where high ES and FS are required. In summary, selecting appropriate drying method and cultivar could determine utilization of cowpea and Bambara bean protein concentrates in applications, such as baking products, mayonnaise, salad, dressing, and frozen dessert, where high emulsifying and foaming properties are required. Further studies are necessary for the determination of amino acids composition of dried protein concentrates and their polypeptide profile, and then define an adequate mathematical model to predict the structure-function relationship for legume proteins.
